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Abstract 
The most important factor affecting plant growth is solar radiation, and the most crucial solar radiation-requiring process 
governing plant growth is photosynthesis. Therefore, the characteristics of the greenhouse cladding materials, which can affect 
the level and quality of the transmitted radiation, are of primary concern for greenhouse cultivation. One primary source of loss 
of solar radiation transmission of greenhouses and net houses are accumulation of dust and dirt on the exterior surface of the 
materials. This can reduce the solar radiation transmissivity of films by up to 40% [1].  
The specific objectives of this work are investigation on the influence of accumulation of dust and dirt on solar 
radiation transmissivity of polyethylene plastic film and different methods of cleaning them. Polyethylene type of plastic film 
which has a specific of 110 μm of film, one year life, Ultraviolet (UV) stabilized, infrared modified and anti-drop, will be tested 
for the influence of accumulation of dust and dirt on their solar radiation transmissivity.  
The above specimen is placed on an experimental model greenhouse which is erected in an open area at the Institute of 
Agricultural Engineering, Israel, for 6 months and removes for testing the transmisivity of the materials.  Five treatments includes 
new material, six moths dirty material, air jet cleaning, water jet cleaning, and hand washing will be measured using a Licor 
spectroradiometer (Li 1800).  
The results found that the average light transmissivity of new film is about 86%. Before cleaning the film, the average 
loss in transmission for a period of the 6 months, is decreased about 50% to 36% of light transmissivity. However, after cleaning 
the film, the average of light transmissivity is about 85% and that meant transmission loss is only 1% in 6 month. Comparison of 
different methods of cleaning the screens reveled that using air jet only for cleaning the screens, hardly, improves their 
transmissivity while cleaning them with water jet improve their transmissivity drastically. 
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1.     Introduction 
A greenhouse is a structural building with different types of covering materials, such as a glass or plastic roof 
and frequently glass or plastic walls; it heats up because incoming visible solar radiation (for which the glass is 
transparent) from the sun is absorbed by plants, soil , and other things inside the building.Glass Greenhouses are 
luxurious, beautiful and permanent.  The glass used for a greenhouse works as a barrier to air flow, and its effect is 
to trap energy within the greenhouse. The glass greenhouses are filled with equipment such as screening 
installations, heating, cooling and lighting, and may be automatically controlled by a computer. However, the cost of 
the glass greenhouse systems is very much more expensive.  
Plastic Greenhouses are now widely used as its very easy to build and cost much less than a large glass frame. 
Plastics are available which incorporate additives which selectively block or enhance certain wavelengths, improve 
growth rates, inhibit certain diseases, enable correspondingly reduced use of chemicals, maintain the heat and 
humidity in the greenhouse [2,3]. Depending on the type of plastic that is being used, it can grow a wide variety of 
plants even when the winter or summer weather sets in. A commercial plastic cladding of greenhouse purchased 
today from the market is as reliable as a glass clad structure. Although, the plastic cladding has to be changed every 
4 to 5 years; the cost of replacement plastic cladding every 5 years compares favourably with the maintenance cost 
of glass. However, dust and dirt are maintaining a main problem during their life.  Dust and dirt will reduce the light 
transmission of solar radiation and therefore plant growth rate in greenhouse cultivations.  
The loss such a solar radiation transmission of greenhouses and net houses are accumulation of dust and dirt on 
the exterior surface of the materials. This can reduce the solar radiation transmissivity of films by up to 40% [1]. 
The most important factor affecting plant growth is solar radiation, and the most crucial solar radiation-requiring 
process governing plant growth in greenhouse cultivations is photosynthesis. Therefore, the characteristics of the 
greenhouse cladding materials, which can affect the level and quality of the transmitted radiation, are of primary 
concern for greenhouse cultivation [4]. The specific objectives of this work are investigation on the influence of 
accumulation of dust and dirt on solar radiation transmissivity of polyethylene plastic film and different methods of 
cleaning them. 
2.     Materials and methods 
Greenhouses can be divided into glass greenhouses and plastic greenhouses. Plastics mostly used 
are polyethylene film and multiwall sheets of polycarbonate material, or PMMA acrylic glass [5]. Depending on the 
technical specification of a greenhouse, key factors which may be controlled include temperature, levels of light and 
shade, irrigation, fertilizer application, and atmospheric humidity. 
Polyethylene type of plastic film will be tested for the influence of accumulation of dust and dirt on their solar 
radiation transmissivity and different ways of cleaning them. The plastic film is coded as UV-IR-AD, which is 
Ultraviolet (UV) stabilized, infrared modified and anti-drop. The film under study is 110 μm with a field life of 
about one year. 
The above specimen is placed on an experimental model greenhouse which is erected in an open area at the 
institute of Agricultural Engineering, Israel, Fig. 1. On this greenhouse, the specimens are subjected to high 
humidity during the night from inside and are exposed to accumulation of dust and dirt from outside. 
 
 
Figure 1. Experimental greenhouse for testing cladding materials 
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Two sections of the experimental model greenhouse are covered by the plastic film for a period of 6 months, as 
a influence of accumulation of dust and dirt will be issued after 6 months [5]  Fig. 2.  
 
  
 
Figure 2. Experimental greenhouse for testing plastic cladding materials 
 
After the period of 6 month, the samples are removed from the experimental greenhouse and the fifteen pieces 
of samples are prepared for measuring transmissivity on the effect of different cleaning methods, Fig. 3. 
 
 
 
Figure 3. The preparation of five samples of the dirty plastic cladding before that cleaning methods. 
 
 
Different methods of cleaning of the materials from dust and dirt are including of air jet, water jet and hand 
cleaning. The summary of the different treatment cleaning includes cleaning methods, new material, and dirt 
material is showing in Table 1. 
 
                             Table 1. Summary of different treatments 
 
Treatment Description 
N New material 
D Dirty, 6 months old material without cleaning 
CA Cleaning the material with Air jet 
CW Cleaning the material with Water jet 
C Cleaning the material by soaking in water and 
gently rubbing (reference to different cleaning 
methods) 
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Demonstrate of three different cleaning methods are showing in Fig. 4(a), 4(b), and 4(c). The using of air 
pressure for cleaning the plastic cladding is showing in Figure 4(a), while Figure 4(b) shows the plastic cleaning 
method using the water pressure jet. Cleaning of the material by soaking in water and hand washing is presenting in 
Figure 4(c). 
 
           
(a)                                       (b)                                       (c) 
 
Figure 4. Cleaning methods (a) Air jet, (b) Water jet, (c) Hand washing 
 
The sample of different treatment are then measured of the transmissivities using a Licor spectroradiometer (Li 
1800), Fig. 5 and Fig. 6. 
 
 
 
Figure 5. A Licor spectroradiometer 
 
 
 
 
Figure 6.  Preparing a Licor spectroradiometer (Li 1800). 
 
For sample from each method, the total and spectral transmissivity of the specimens are measured using a 
Licor spectroradiometer (Li 1800) with integrating sphere (sensitivity range 390-1100 nm) and results are recorded, 
Fig.7.   
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Figure 7.  The Transmisivity measurement of the sample using the Licor spectroradiometer (Li 1800). 
 
All data results from the experiment abovementioned will be analyzed using the visual analysis, the Licor 
spectroradiometer  and Duncan multiple range statistical analysis. 
 
3.    Results and discussions 
 
3.1   Visual analysis results  
 
The dirt plastic samples are performed using three different cleaning methods as mentioned on above section 
and results are showing Figure 8.   
 
 
(a) (b) (c) 
 
  
(d) (e) 
 
Figure 8.  The results of each treatment (a) New material, (b) Dirty material, (c) Cleaning by air jet, (d) Cleaning by water jet, (e) Cleaning by 
hand washing 
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From the visual analysis, by using the hand washing method has a similar result to the new material, while the 
use of the air jet cleaning method shows an equal result with the dirty material.  
The use of water jet cleaning method has been presenting a different result to neither a new material nor dirty 
material. However, the result shows a better clear than the use of the air jet cleaning method using the visual 
analysis. 
 
3.2   Transmission analysis results  
 
Five different samples, new, dirt and three cleaning methods from experimental on Section 3.1 are then 
measured, the transmissivity of the materials are measured spectrally over the 390 to 1100 nm ranges using a Licor 
spectroradiometer. For each treatment the measurements are performed at 5 different locations of the material. 
Using these spectrums, the total transmissivity of the materials are calculated over the PAR range 400-700 nm and 
390-1100 nm range. The most concentration is on the PAR range of 400-700 nm which is a response wavelength 
range of the plant photosynthetic organisms [6-9]. The results are showing in Figure 9. 
 
 
 
 
Fig. 9. Total transmissivity of the materials are calculated over the PAR range (390-1100 nm). 
 
The transmissivity results using a Licor spectroradiometer shows in Fig.9 that, the use of the hand washing and 
water jet cleaning method are presented a similar result to a new material. Meanwhile, by using the air jet cleaning 
method shows a close result with the dirty material.  
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3.3   Statistical analysis results  
 
The average results of transmission analysis results are then performed a statistical analysis (Duncan multiple 
range test) to investigate the different between treatments. The results are showing in Table 2 and Figure 10.  
 
                             Table 2. The mean light transmissivity of plastic film for different treatment. 
 
Treatment 
Wavelength 
range (nm)  
 
N D CA CW C 
390 -1100 
 
86.15 (a) 43.98 (b) 45.94 (b) 85.90 (a) 85.95 (a) 
400 - 700 
 
85.84 (a) 36.85 (b) 39.42 (b) 85.50 (a) 85.65 (a) 
 
**For each row, the means with the same Duncan grouping are not significantly different (p = 0.05)** 
 
 
 
 
Figure 10. Total transmissivity results of the PAR range of 400-700 nm and 390-1100 nm 
 
As the using statistical hypothesis testing, the p-value of 0.05, the Duncan multiple range test presented a 
similar result to that Transmission analysis in transmission analysis results. 
The use of the hand washing and water jet cleaning methods are presented a similar result that insignificant 
difference to a new material. Meanwhile, by using the air jet cleaning method shows an insignificant difference 
result with the dirty material. 
In conclusion, the use of the hand washing, water jet cleaning method, and new material are resulting 
significant difference to the dirty material and by using the air jet cleaning method. 
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4. Conclusions  
 
Influence of accumulation of dust and dirt on solar radiation transmissivity of a plastic film and different 
method of cleaning it are investigated. It is found that the average light transmissivity of new film is about 86%. 
Before cleaning the film, the average loss in transmission for a period of the 6 months, is decreased more than 50% 
from 86 % to 36% of light transmissivity. However, after cleaning the film, the average of light transmissivity is 
about 85% and that meant transmission loss is only 1% in 6 month. 
Comparison of different methods of cleaning the screens reveled that using air jet only for cleaning the 
screens, hardly, improves their transmissivity while cleaning them with water jet improve their transmissivity 
drastically. 
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